Abstract Pentose phosphate pathway (PPP) composed of two functionally-connected phases, the oxidative and nonoxidative phase. Both phases catalysed by a series of enzymes. Transketolase is one of key enzymes of nonoxidative phase in which transfer two carbon units from fructose-6-phosphate to erythrose-4-phosphate and convert glyceraldehyde-3-phosphate to xylulose-5-phosphate. In plant, erythrose-4-phosphate enters the shikimate pathway which is produces many secondary metabolites such as aromatic amino acids, flavonoids, lignin. Although transketolase in plant system is important, study of this enzyme is still limited. Until to date, TKT genes had been isolated only from seven plants species, thus, the aim of present study to isolate, study the similarity and phylogeny of transketolase from sugarcane. Unlike bacteria, fungal and animal, PPP is complete in the cytosol and all enzymes are found cytosolic. However, in plant, the oxidative phase found localised in the cytosol but the sub localisation for non-oxidative phase might be restricted to plastid. Thus, this study was conducted to determine subcellular localization of sugarcane transketolase. The isolation of sugarcane TKT was done by reverse transcription polymerase chain reaction, followed by cloning into pJET1.2 vector and sequencing. This study has isolated 2,327 bp length of sugarcane TKT. The molecular phylogenetic tree analysis found that transketolase from sugarcane and Zea mays in one group. Classification analysis found that both plants showed closer relationship due to both plants in the same taxon i.e. family Poaceae. Target P 1.1 and Chloro P predicted that the compartmentation of sugarcane transketolase is localised in the chloroplast which is 85 amino acids are plant plastid target sequence. This led to conclusion that the PPP is incomplete in the cytosol of sugarcane. This study also found that the similarity sequence of sugarcane TKT closely related with the taxonomy plants.
Introduction
The pentose phosphate pathway (PPP) has crucial role in the metabolism of carbohydrate via the oxidation of glucose-6-phosphate. The pathway consists of oxidative and non-oxidative phase. The oxidative phase produces ribulose-5-phosphate by the oxidation of glucose-6-phosphate. The enzymes of the irreversible oxidation phase are glucose-6-phosphate dehydrogenase, 6-phosphogluconolactonase, and 6-phosphogluconate dehydrogenase. The second phase is the reversible non-oxidative phase which is series of interconversion between 3-, 4-, 5-, 6-and 7-carbons sugars catalysed by the enzymes ribose-5-phosphate isomerase, ribulose-5-phosphate-3-epimerase, transketolase and transaldolase. All enzymes of the PPP apart from transaldolase are also part of the reductive pentose phosphate pathway or calvin cycle [4] . The most important role of the first phase is providing 50-60 % of the required NADPH for various anabolic pathways including the biosynthesis of fatty acids, the reduction of nitrite for cell protection against oxidative stress and synthesis of glutamate [5, 6, 26] .
The second phase produces ribose-5-phosphate and erythrose-4-phosphate. Ribose-5-phosphate synthesis the nucleotides and nucleic acids-RNA, DNA and nucleotides coenzymes such as ATP, FAD, NADH and NADPH [9] . In plants and some microorganisms, erythrose-4-phosphate is the precursor for many secondary metabolic pathway in which erythrose-4-phosphate and phosphoenolpyruvate from glycolysis to form the first substrate of the shikimic pathway which is chorismate. In bacteria, fungi, and plant, the aromatic amino acids, phenylalanine, tyrosine, and tryptophan are synthesized from chorismate. The aromatic amino acids serve as precursors for a variety of plant hormones, such as auxin and salicylate, also for a very wide range of secondary metabolites such as flavonoids, indole acetate, UV light protectants and lignin. These all metabolites have crucial role for plant growth, human nutrition and health [32] .
In bacteria, cyanobacteria, yeast and animals the entire PPP operates in the cytosol. However, in plants, the oxidative phase of the PPP enzymes are localised in the cytosol and the localisation of the PPP enzymes of nonoxidative phase still remain unclear [3, 21] . Previous studies had been done extensively to determine the subcellular compartmentation of transketolase. However, their findings are controversial and uncertain due to the limitations of each technique that had been employed. One of the method had been employed was cellular fractionation of tissues then measurement of the activity of enzymes of the PPP. However, it is difficult to separate pure cytosolic and plastidic fractions that are not contaminated with each other by cellular fractionation. Therefore, the results regarding the PPP enzymes activity by this method can be debated. Another method had been used is measurement fluxes through the PPP enzymes by feeding with radiolabelled substrates. Measurement of fluxes through the PPP enzymes either by comparing the release of 14 CO 2 from specifically labelled glucose or by applying steady-state labelling techniques involving [ 13 C] glucose, coupled with the detection of metabolic product using nuclear magnetic resonance spectroscopy or mass spectroscopy then quantifying the proportion of hexose phosphate that is metabolized by the PPP relative to that metabolized by glycolysis also have limitations in that they are unable to resolve fluxes through the PPP in the cytosol and plastid. Moreover, this approach depends on its potential to quantify exchange fluxes through readily reversible reactions as well as net flux through the pathway [24] .
Unlike bacteria, fungi and animal, the number of TKT gene had been isolated from plant species is small. Until to date, only seven TKT genes had been isolated from plants which are Zea mays (AY148193), Solanum tuberosum (Z50099), Spinacia oleracea (L76554), Capsicum annum (Y15781), Arabidopsis thaliana (AY091094), Persicaria tinctoria (AB066206), Craterostigma plantagineum (Z46646), Platanus acerifolia (AJ427413). In addition, PPP is localized in the cytosol of bacteria, fungi and animal. However, the subcellular localisation in plants is remain unclear. Therefore, another approach to resolve the compartmentation of the PPP genes in plants is molecular approach. According to [16] as more genomes can be sequenced the understanding of the genetic capacity of plants system to catalyse the reactions involved in the PPP could be obtained. In addition, the increasing availability of whole-genome transcript profiles under different physiological and developmental conditions will allow us to determine the relationships between the expressions of the specific PPP isoenzymes, and to establish the contribution of such isoenzymes to particular physiological processes [17] . Therefore, a question regarding a complete PPP in the cytosol and plastid of plant could be answered. Thus, this study to clone sugarcane transketolase gene, to determine its subcellular localisation and to reveal the phylogenetic of sugarcane transketolase gene with other plant species.
Materials and Methods

Plant Material
Sugarcane (yellow variety) was supplied by Malaysia Agriculture and Research Institute (MARDI, Malaysia) and cultivated from January 2011 to June 2012 at Department of Biology, Universiti of Putra Malaysia.
Total RNA Isolation
A 100 mg of young leaves of sugarcane were harvested to isolate total RNA. RNA isolation was carrying out by RNeasy Plant mini kit (Qiagen, USA). The quality of RNA extract was determined on 1 % agarose gel electrophoresis. Nano-drop spectrophotometer was used to measure the quality and the concentration of total RNA. 0 -GGT GAT GCC GTA ACT CCT TGT-3 0 as a reverse primer was used to amplify sugarcane TKT gene. The forward primer consists tm value 60.20, % gc-55 and the reverse primer has tm value 60.0 and % gc-55. RT-PCR was carried out using the Titan One Tube RT-PCR kit (Rosche Diagnostics GmBH, Germany) to amplify sugarcane TKT. This enables both the initial reverse transcription and the PCR amplification of the cDNA to be carried out in a single one tube without further addition of reaction components. cDNA synthesis from template RNA in the first step, followed by PCR amplification in the second step. A 1 lg RNA was added into RT-PCR reaction mixture (1 ll 50 lM forward primer, 1 ll 50 lM reverse primer, 1 ll 10 mM DNTP mix (all from Bioline, UK), 2 ll 50 mM MgCl 2 , 5 ll 109 reaction buffer, 0.25 ll Biotaq DNA polymerase (Bioline, UK) and 38.75 ll nuclease-free water (Ambion, UK). The RT-PCR reaction was incubated in a thermal cycler (Biometra) using the following program: 1 cycle of RT reaction at 50°C for 30 min, 1 cycle of denaturation at 94°C for 2 min, 35 cycles of denaturation at 94°C for 30 min for 30 s, annealing at 60°C for 30 s and extension at 68°C for 45 s and 1 cycle of final extension at 68°C for 7 min. RT-PCR products were analyzed on 1 % (w/v) agarose gel and examined using UV Documentation (Syngene, Germany). PCR products were purified by using MEGA quick-spin PCR and agarose gel kit (INTRON Biotechnology, Taiwan).
Cloning of Sugarcane Transketolase and Plasmid
Isolation pJET TM PCR Cloning kit (Fermentas, USA) was used to clone sugarcane TKT. The purified PCR was ligated into pJETI.2 vector according to blunt end protocol. 29 reaction buffer (10 ll), 1 ll purified PCR product (0.5 mol), 4.8 ll nuclease free water and 1 ll T4 DNA ligase was mixed gently and incubated at room temperature for 5 min and chilled on ice. The ligation mixture (2 ll) was transformed into competent cell of E. coli DH5a to propagated and chilled on ice. Then, 250 ll of SOC medium was added and shake at 200 rpm at 37°C for an hour. The cells (100 ll) were plated one pre-warmed selective LB agar supplemented with ampicillin (20 lg/ml), 0.5 mM IPTG and X-gal (40 lg/ml) and incubated overnight at 37°C. The single white colony was chosen and analysed by PCR. The plasmid recombinant was purified using GeneJET Plasmid miniprep kit (Fermentas, USA). Positive single clone was grown overnight with gentle shaking at 250 rpm at 37°C in 5 ml LB medium containing 50 lg/ml ampicillin. The culture was centrifuged at 8,000 rpm at room temperature for 2 min. The supernatant was discarded and the pellet was kept at room temperature. Immediately the pellet was soaking with 250 ll of the resuspension solution with RNase A and vortexed.
Lysis solution (250 ll) was added and mix thoroughly by inverting the tube until the solution becomes viscous and slightly clear. The neutralization solution (350 ll) was mix immediately by inverting the tube for 5 times until solution becomes cloudy and centrifuge for 5 min. Supernatant was transferred to GeneJET spin column by pipetting and followed by centrifuge for 1 min and the flowthrough was discarded and places the column back into the same collection tube. After that, 500 ll of the wash solution was added to the GeneJET spin column and centrifuge for 50 s and the flow-through was discarded. The column was placed back into the same collection tube and centrifuge for 1 min to remove residual ethanol in plasmid preps. GeneJET spin column was transferred into a sterilized 1.5 ml microcentrifuge tube and 50 ll of the Elution Buffer was added to the centre of GeneJET spin column membrane to elute the plasmid DNA and incubated for 2 min at room temperature and centrifuge for 2 min. The column was discarded and following this, plasmid digestion was conducted in order to check for the present DNA insert within the recombinant plasmid. Restriction enzyme BglII (Yeastern Biotech, Taiwan) was used to cut the recombinant plasmid at two specific flanking sites. Recombinant plasmid (5 ll) was added in the component mix of 2 ll of 109 Reaction buffer, 12 ll nuclease-free water and 1 ll of BglII was added. The component mixture was incubated for 2 h at 37°C. The digested product was analysed on 1 % agarose gel to check for size of vector and insert. The purified plasmids with insert were sent to First Base Laboratories Sdn. Bhd (Seri Kembangan, Selangor) for sequencing. The sequence was done using the oligonucleotide primer 5 0 -TCT TGC ATC CTC CAA CAT GA-3 0 as a forward primer and 5 0 -GGT GAT GCC GTA ACT CCT TGT-3 0 as a reverse primer.
Subcellular Localization of Transketolase and Phylogenetic Analysis
Target P and Chloro P 1.1 programmes were used to predict the subcellular localization of sugarcane transketolase. Phylogenetic tree was constructed using MEGA5 software.
Cloning, Expression and Characterization of Sugarcane 553
Over-Expression and Purification Sugarcane Transketolase Recombinant Plasmid
The recombinant clone and pET32a(?) (Novagen, USA) were digested with restriction enzymes. For pET32a(?). A 1 ll of BglII restriction enzyme (5 U/ll) and 5 ll of (0.1 lg/ll) pET32a(?) vector was added in the component mix of 2 ll of 109 reaction buffer, 12 ll nuclease-free water and component mixer was incubated for 45 min at 37°C enzymatic activity. Ligation reaction (20 ll) contained 0.1 lg digest plasmid pET32a(?), 1 ng DNA insert, 2 ll T4 DNA ligase (1 U/ll) and 2 ll of 109 ligation buffer was prepared and incubated overnight at 16°C followed by heating at 65°C for 10 min. Approximately 100 ll of competent cells E. coli DH5a and 20 ll of ligation mixture mixed in sterile pre-chilled 1.5 ml centrifuge tube and quick chilled on ice for 30 min. The mixture was incubated at 42°C for 40 s and quick chilled on ice for 20 min. LB medium (900 ll) was added and incubated at 37°C with shaking at 225 rpm for an hour. The cells were plated on solid LB plate with ampicillin (50 lg/ml) and incubated overnight at 37°C. The recombinant plasmid (pET32a(?)-transketolase) were extracted using miniprep kit, and the plasmid digestion was conducted with BglII and HindIII restriction enzyme and analysed on 1 % agarose gel to determine the size of plasmid and insert.
Transformation of Recombinant Plasmid into Expression Host and Induction of Expression Constructs
The recombinant plasmid was transformed into an E. coli expression host, BL21(DE3) pLysS (Novagen, USA). Expression of the target DNA was induced by addition IPTG. Selected clones were streaked on LB plate supplemented with ampicillin (20 lg/ml) and incubated overnight at 37°C. A single colony was isolated and incubated overnight at 37°C with shaking at 200 rpm. Starter culture (1 ml) was mixed with 100 ml of LB media supplemented with ampicillin (50 lg/ml). The culture was incubated at 37°C in incubator shaker at 200 rpm until OD 600 reached 0.4, 0.5, 0.6 and 1 mM IPTG was added. After culturing for 3 h at 37°C, the cells were harvested and resuspended in 50 mM Tris/HCl (pH 7.8) buffer, then disrupted ultrasonically.
Purification of Recombinant Sugarcane Transketolase Protein
A 2-10 ll of culture was centrifuged at 8,000 rpm for 1 min. The bacteria pellet was placed at-20°C for 15 min. A 450 ll equilibration buffer and 50 ll enzyme mix-B were added to bacteria, mixed vigorously and incubated at room temperature for 20 min with shaking, followed by centrifuging at 12,000 rpm for 5 min. Transketolase protein was purified using YEA-His Spin Kit (Yeastern Biotech Co. Ltd, Taiwan). A 200 ll of His Yealose was transferred to a spin column inserted into collection tube and centrifuge at 2,000 rpm for 1 min and the eluate tube was discarded. Equilibration buffer (500 ll) was added well by centrifuge at 2,000 rpm for 1 min, and then the eluate discarded. Protein solution (500 ll) was loaded to spin and mix well and incubated at room temperature for 2-5 min and centrifuge at 2,000 rpm for 1 min. The flow-through fraction was transferred to a centrifuge tube (flow through fraction). Washing buffer (500 ll) was added to the column and mixed well by pipetting and followed by centrifuge at 2,000 rpm for 1 min and the wash fraction was collected to a centrifuge tube (wash fraction). This step was repeated for three times. Elution buffer (300 ll) was mixed well by pipetting and centrifuge at 2,000 rpm for 1 min, and the elution fraction was collected. The purification protein was analysed by SDS-PAGE according to the method by [23] by using Mini-Protean 3 cell (Bio-Rad, USA). The gels consist of an upper 5 % stacking gel (5.7 mlÁddH 2 O, 1.7 ml 30 % degassed Acrylamide/Bis, 2. 
Results
Cloning and Sequencing of Sugarcane TKT
The full length CDs of sugarcane TKT was successively amplified by RT-PCR (Fig. 1) and cloned (Fig. 2) . The nucleotide sequence of sugarcane TKT is 2,327 bp and the deduced amino acid 776 residues including start codon, ATG and stop codon, TAA as shown in Fig. 3 .
ClustalW2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/) was performed to study the similarity sugarcane TKT nucleotide with other species (data not shown). This study revealed that sugarcane TKT showed lower similarity (\60 %) when compared with bacteria, E. coli (ADT76107), B. subtilis (EHA30407), yeast, S. cerevisiae (M63302), mouse (U05809) and H. sapiens (X67688). On the other hand, sugarcane TKT showed high similarity when compared with plant species between 65-99 % and found the highest similarity (99 %) with Z. mays (AY148193).
The molecular phylogenetic tree of sugarcane transketolase sequence was constructed by using MEGA 5 program with various plant sources of TKT sequences and TKT from E. coli (ADT76107) as outgroup. A neighbor-joining tree with score above 80 was constructed for the sugarcane transketolase protein sequence. Its closet plant homologues for sugarcane transketolase was identified from NCBI Genebank as shown in Fig. 4 . The sugarcane transketolase amino acid sequence was clustered with other plant transketolase sequences. According to [7] , a bootstrap value is 70-80 % is often taken to indicate strong support for a cluster sequences.
The phylogenetic tree was plotted to estimate the relationship between sequences of sugarcane transketolase with other sequences of plant transketolase. From Fig. 4 shows that sugarcane transketolase and Z. mays transketolase was clustered in the same clade with 100 % identical and slightly closer to Polygonum tinctorium and Craterostigma plantaginuem. However, sugarcane transketolase shows far distantly to other plant species which is in different clade with Solanum tuberosum, Capsicum annum, Arabidopsis thaliana and Spinacia oleracea.
Subcellular Localization of Sugarcane TKT
This present study revealed that the subcellular localization of sugarcane transketolase was predicted in chloroplast as result in TargetP compared with chloroplast target peptide (cTP), mitochondrial target peptide (mTP) and secretary pathway (sP) with targeted high score cTP with 0.313. This value indicate that sugarcane transketolase is sub-localised in chloroplast with cTP value 0.313. In addition, this was supported by the ChloroP1.1 results showed that sugarcane TKT was predicted sub-localised in chloroplast in which 85 amino acid is plant plastid target sequences.
Construction of Recombinant DNA Sugarcane TKT
The open reading frame (ORF) of sugarcane transketolase was over-expressed in sense orientation into protein expressed vector pET32a (Novagen, USA). Ligation was carried out into expression host, E. coli strain BL21 (pLysS). Transformed E. coli was grown on LB plates containing antibiotic ampicillin in order to screen positive clones. Recombinant plasmid was isolated from the transformed bacterial cells and analyzed. The recombinant plasmid DNA was digested with restriction enzymes BglII and HindIII were producing 2.3 and 5.9 kb of pET32a plasmid vector. Recombinant plasmid was constructed with purify PCR product and pET32a(?) protein express vector (Fig. 5) . Constructed pET32a to over-express TKT was subjected to restriction digestion with BgIII and HindIII (Fig. 6) .
The purification of recombinant sugarcane transketolase was done using His-Tag protein purification and analysed on SDS-PAGE gel as shown in Fig. 7 . The result of SDS-PAGE indicates the Mw for the recombinant protein of sugarcane transketolase is approximately 70 kDa. The protein was estimated to be more than 99 % pure, while 0.5-0.7 mg of pure proteins was obtained from 100 ml of cells.
Discussion
Sugarcane is a type of C4 plant and belongs to family Poaceae. Sugarcane is the most important source of sucrose in world history and important crops in biofuel production [2] . Sugarcane was originally developed and domesticated in New Guinea about 10,000 years ago. In Uruguay, sugarcane is a multipurpose crop that has been used for the production of sugar, bio-ethanol, animal feed and energy [28] . Meanwhile, transketolase in one of the key enzymes in non-oxidative phase of PPP, in calvin cycle and glycolysis. Its reaction in PPP provides erythrose-4-phosphate which is enters the shikimate pathway. This pathway responsible to produce many secondary metabolites such as aromatic amino acids, lignin and flavonoid. However, study of transketolase in plant is still limited. Until to date, transketolase gene had been isolated only from seven plant species and no study had been conducted on transketolase from sugarcane. Thus, isolation of TKT gene from this plant 1  1  76  26  151  51  226  76  301  101  376  126  451  151  526  176  601  201  676  226  751  251  826  276  901  301  976  326  1051  351  1126  376  1201  401  1276  426  1351  451  1426  476  1501  501  1576  526  1651  551  1726  576  1801  601  1876  626  1951  651  2026  676  2101  701  2176  726  2251 751 is very important in order to understand the regulation of transketolase and PPP in sugarcane system. In present study, the full length of TKT from sugarcane successfully cloned with 2,327 bp gene, which encoded 776 amino acids. Clustal W2 results showed that sugarcane TKT nucleotide has lower similarity (\60 %) when compared with bacteria, E. coli (ADT76107), B. subtilis (EHA30407), yeast, S. cerevisiae (M63302), mouse (U05809) and H. sapiens (X67688). On the other hand, sugarcane TKT showed high similarity when compared with plant species between 65 and 99 % and found the highest similarity (99 %) with Z. mays (AY148193). The molecular phylogenetic tree analysis showed that both sugarcane and Z. mays genetically have closer relationship. Taxonomy analysis revealed that both plants species are monocotyledon and in same taxon family, Poaceae in which both plant closely related. Based on the results, properties of Z. mays transketolase will be functionally similar to sugarcane transketolase. The alignment of sugarcane transketolase and Z. mays transketolase show highly conserved. The phylogenetic tree shows that S. tuberosum, C. annum, A. thaliana and S. oleracea are less similar with sugarcane transketolase due to classification of these plants which is S. tuberosum and C. annum in family Solanaceae while A. thaliana in family Brassicaceae and S. oleracea in family Amaranthaceae. This study found that phylogenetic analysis is related to the taxonomy of plant species. Many previous studies showed that PPP incomplete in the cytosol of plant as the second phases of PPP enzymes are localised in the plastidic. In our study, TargetP and ChloroP analysis revealed that sugarcane transketolase is sub-localised in Chloroplast which 85 amino acid is plant plastid target sequences. Previous studies by genes isolation revealed that transketolase is localised in chloroplast in Z. mays (AY148193) [18] , S. tubersum (potato) (Z50099) [29] , S. oleracea (spinach) (L76554) [11] and C. plantagineum (bluegem) (Z46646) [1] . Sugarcane transketolase sequence showed similar conserved motif among maize, spinach and potato plant species. The presence of the signal in both of the transketolase was confirmed using ChloroP software. The transit peptide region was shown to be less conserved compared to their respective mature peptide at about 20-30 % identical to the corresponding peptides from other plants. Similar observation was also reported for peptides that are organelle targeted, such as the peptide for fatty acid synthesis [25] . Usually, the region is marked by the presence of numerous hydroxylated (S, T, and Y) and positively charged amino acid (H, K, and R). Thus, this study predicted the PPP is incomplete in the cytosol of sugarcane which is similar with other plant species. Although the OPPP in the cytosol of plant appears to be incomplete, the pentose phosphate translocators play an important role to create a link between the cytosol and the plastid in the plant cells [13] . These translocators facilitate the exchange of various phosphorylated C3-, C5-and C6-compounds between the chloroplasts/non-green plastids and the cytosol. There are four different types of metabolite/Pi translocators on the inner plastid membranes that have been identified in plants so far. The triose-3-phosphate transporter mediates the exchange of triose phosphates or 3-phosphoglycerate from the chloroplasts into the cytosol [10, [12] [13] [14] . The phosphoenolpyruvate transporter to exchange phosphoenolpyruvate (PEP) and Pi [10, 27] . Glucose-6-phosphate transporter which mediates exchange glucose-6-phosphate, triose phosphate and Pi [20] . Xylulose-5-phosphate transporter which mediates exchange between xylulose-5-phosphate and Pi [8] . However, no specific sedoheptulose-7-phosphate or erythrose-4-P transporter has been identified to date and it is therefore unlikely that there is rapid exchange of these metabolites across the plastid.
Molecular weight of sugarcane transketolase was analysis by express in the prokaryotic system. Moreover, the TKT gene was intronless capable its expression in E. coli completely. The expression vector for E. coli was constructed in a way that the protein produced is fused to HisTag at C terminals. In addition, T7 polymerase by IPTG, fusion protein produced in E. coli allows simple purification based on His-tag affinity to Ni-NTA columns [31] . The purified heterologous protein from E. coli when separated on SDS-PAGE gel showed a single band of 70 kDa as shown in Fig. 7 which is in agreement with its molecular weight, 60-72 kDa for heterologous transketolase. Transketolase protein of H. sapiens (X67688) [33] , E. coli (ADT76107) [26] , Z. mays (AY148193) [18] , S. oleracea (L76554) [11] and Plasmodium falciparum (C6KSV3) [19] also have a molecular weight of 70-75 kDa, with the homodimer being the active entity [15] . This variation could be attributed to either frame-shift mutations [30] or post translational modification [22] .
Conclusion
In summary, we successfully cloned the 2,327 bp of sugarcane TKT which encoded 775 amino acids for the first time. We have efficiently expressed and purified recombinant sugarcane transketolase in prokaryotic system for further characterization of this protein.
